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A BSTRACT

The turbulent characteristics of the first 6'2 r-eters, of
the at-7osphere over White Sands Missile Range, New Mexico,

t have been intensively studied using data collected from an
instrumented tower. It is demonstrated thatt important tur-
bulence characteristics such as standard deviation of wind
direction, longitudinal initensity of turbulence, and the
ratio of the lateral intensity of turbulence to longitudinalI intensity of turbulcnce are dependent upon the height of the
wind measurement, the surface roughiness, and the stability
of the atmosphere.

In particular, it is shown that the lateral intensity
of turbulence is affected more by stability changes th~an by
roughness or height of the meiasurement. The long itudial
intensity of turbulence, however, is affected by rouighness5
1.,Ad height AZ measurement as well as hy the stability of
the atmosphere.
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INTRODUCTION

To predict the trajectory of unguided rockets or the diffusion of
tovi. contaminants accurately, the turbulent characteristics of the at-
rrospherc must 1,e known. The purpose of this paper is to present the
• :'ilts of an investigation of the turbulent characteristics from mete-
.ological data gathered at White Sands Missile Range, New Mexico, on

2-maeter tower. The study was based upon the thermal structure of
the atmosphere as classified by the stability in the form of the gra-
dient Richardson number. A secondary parameter, the logarithm of the
ratio of height of wind measurement to the surface roughness length,
was coupled to the Richardson number to determine the effect of each
of these parameters on the magnitude of atmospheric turbulence.

DATA COLLECTION AND REDUCTION

The meteorological data were collected at nine levels on the 62-
meter tower at White Sands Missile Range, New Mexico, by the Atmos-
pheric Sciences Office. The instruments were at heights of 4.(,, 11.9,
19.3, 26.6, 33.9, 41.2, 48.5, 55.3 and 62.0 Pieters. The wind meas-
uring instruments were Bendix Friez Aerovanes with a distance con-
stant of approximately 5.0 meters, and the temperature sensors were
aspirated thermocouplcs. ore information on the details of the in-

trunentation has been pub 1 s;hed by Rachele and cLardie (1957).
The wind data were recordei. on Lsterline Angus strip chart recorders,
while temperatures were recorded on a Leeds and Northrop recorder.
These wind data were collected on random days during a 25-month pe-
riod covering April 1958 to April 1960. On data collection days 1I-
minute samples were recorded from each of the 9 levels every 3 hours
heginning at 0100 continuing through 2200 local time. Five-second
iverages were calculated (from the 10-minute sampics) yielding 120
5-amples for each 10 minute perioil for each level. A total of 1011
rryfiles were recorded.

After those profiles in which the mean wind was considered too
light (less than 3 miles per hour) were discarded there remained 850
profiles that were used in this study. The temperature data were
collected at a rate of one sample per 44 seconds and also used in 10-
minute samples.

The site is characterized by an abundance of hillocks spaced 6
to 10 meters apart and approximately I to 5 meters high, with a sur-
face roughness length of 0.2 meters (lansen, 1967).
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DISCUSSION AND RESULTS

The results presented here reflect statistics over a In-minute i"
terval. It is recognized that sampling interwl, sampling length, and
instrumental characteristics all influence the variances about the nr;a;
velocities. For exaLal)le, the length of the sample will determine the
low frequency contribution to the total variance, whereas instrument
response characteristics determine the high frequency contribution to
the variance.

In Figure 1, it is seen that the standard deviation of wind direc
tion can be estimated from a mean winl speed once an estimate of sta-
hiiity is made. The figure, valid to - height of 62 meters, is conlsis-
tent with Lumley and Panofslky (1964) who stated that under neutral
conditions oa was of the order of 5 degrees and in unstable conditioi's,
be*ween 10 and 20 degrees.

A similar approach was attempted for estimating the standard de-

viation of wind speed (a ). It was found that there was too much scat-
ter in the data to permiV a simple estimate of o from a rit-an sneed,
indicating tat other factors had to be considered.

Figure 2 relates o to the stability of tile atmosphere in the form
of a Richardson number 'Ri) and the logarithu, of the ratio of the height
(z) at which the wind measurement is w. de and the surface roughness (Z
Six stability regimes art! shown:

t. Widless convection Ri < -. 100

2. Free convection -. 100 < Ri < .020

3. Forced convection -0.210 < Ri - .001

4. Neutral -. 001 < Pi < .W1

S. Stable . p r ..1

6. Undulant Pi > .1,

The central values of Richardson rumiber (Pi) in regimes 2,3,4, and 5
'ere plotted on the absci,:sa in Figures 2,3., and 4. The data ipear to

uphold the findings of Prasad and Panofky (19(7) ad Smith aLd Abllott
(1961) ir that , Ilpears to depend largely onl stability under unst;i-
ble to near-neut al conditions. 3cvond near-neutral conditions, there
is a decrease in o as stabilitv increases, with an increase iin a as
stability conditions approach the undulant regime. The ,ro! ,i, cause
of this intrease is 0A 0; that under undulnt condition; wind speeds

-.
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are generally light and wind dJirf.cticn fluctuatiOns are quitv lir-e.

It is thus possihle with Figure .2 to estimate the st,:ndard deviation
of the wind direction at a giver height once i roughness length and sta-
bility regime are determined.

Figure 3 clearly shows thec dependenmce of thc intensity ().. longitu-
dinal turbutlcrice on staibility, hgltof ne,!survnret, and surface

roughness. The data show that for any given stabilitv regime q do-

creases with height more rapidly thaun This is in~ agreement with
Swanson and Cramer (1965) who found that' under neutral conditions ri de-

creased faster with altitude than c *The data, again as with -, how

a decrease beyond the neutral regime to the stalle side, and then as
stability approaches t'ie undlulant regime ri increases.

In Figure 4, an attempt was made to determine the relationship of
the lateral intensity of turbulence to the longitud inal inten';i t vr
turbulence. The lateral intensity of turbile~ice was obitaimed from The
~a where ~a in radians = c in accordance with Lumiley and lPanofsly (1964).

A A V
Thus the ratio of the turbulent int 'nsjtics as a function of the logarithm
of z and Ri should reveal the size of the lateral intensity or turb~ulence.

z

It i O apparent that o is generally larger than c except under tuidulant

condit ions becomes equal to or larger than cas hecight increases.

V

being near 0.8 at the 62-meter hnight in the unstalble to tie neutral repi, m
becomingy larger as stability increases.

CONCLIJS ION

A\ simple method of estimating t Lo standard diev iat ion of wind direct ion
(a ) usintg a mean winid speed ha , beon shown. Ind icat ions were tha.,t under

stable coniditions with winds greater than 41 rot er! seconJl "A, ranped from



degrees at the higher wind speeds to 5 degrees at the lower speed. Be-

low a s-eed of 4 meters seconds there is a sharp increase in a as the
° A A

mean wind speed decreases; the estimation of a A with wind speeds of 2
-1

meters second or less becomes unreliable due to the scatter of (, A'

In addition, the dependence of the standard deviation of wind direc-
tion on height of wind measurement, surface roughness, and stability is
demonstrated. Specifically, it is shown that it increases as stability
changes from neutral conditions to windless convection. Moreover, (1A
decreases slightly beyond neutral conditions as stability increases.
However, there is a sharp rise as stability approaches the undulant re-
gime. Surface roughness an height of measurement do not appear to af-
fect it as muLh as stability. In general jA ranges between 6 to 19 de-

grees an instability increases beyond neutral conditions and between 6
to 9 degrees as stability increases from neutral.

T'.c longitudinal intensity of turbulence a appears to depend onI -v
stability as well as on height of reasaremnent and surface roughness as
instability increases from neutral to windless con~ection. lnder neutral
and stable conditions, surface roughness and height of measurement appear
to affect a more than stability. In general, c. decreases with increase

V V
in altitude and increase in stability in the unstable side to just past
neutral conditions into the stable side. As the atmosphere approaches
extremely stable conditions (undulant) there is a minor increase.

Finally, the ratio of the lateral intensity of turbulence to the
longitudinal intensity of turbulence was related to the height of meas-
urement, surface roughness and stability. In general, it was found that
the longitudinal intensity of turbulence is larger than the lateral in-
tensity of turbulence except near the 62-meter level under undulant con-
ditions, where they are equal or a becomes slightly larger. The ratio

-V
values increase with altitude becoming approximately 0.8 at 62 meters.

S



REFERENCES

Hansen, Frank V., 1967, "The Aerodynamic Roughness of the Com-plex
Terrain of '1iite Sands Missile Range, New Mexico," ECOM-5093,
13 pp.

Lumley, John L., and Hans A. Panofsky, 1964, The Structure of At-
mospheric Turbulence, John A. Wiley and Sons, pp. 15-Fand
178.

Prasad, B., and lans A. Panofsky, 1967, "Properties of hind anti Ten-
perature at Round Hill, South Dartmouth, Mass.," Research
and Development Report ECOM-0035-F (availahle through )QPC),
77 pp.

Rachele, l., and 'I. M .ardie, 1957, "The White Sands Mfissile Geo-
physics Research Tower," Special Report No. 7, 'lissile
Geophysics Division, U. S. Army Signal Missile Support
Agency, W1hite Sands Missile Range, New MIexico.

Smith, F. B., and P. F. Abott, '961, , r.t: J. Roy. met. SoC., 87,
pp. 549-561.

Swanson, R. N., and I. E. Crarer, 1965, .1o Applied Met., Vol. 4,
pp. 409-417.

II



ATM OSPHERXC SCIENCES RESEA RCH PAPERS

1. Webb, W.L., "Devela-pmnt of Droplet Size Distributions in the Atmosphere," June
19 54.

2. Hansen, F, V., and 11. Rachele, "Win~d Structure Analysis and Forecasting Methods
for Rock, is," J une 195.4.

3. Webb, XW. L, "Net Elcctrificatior, of Water Droplets at the Earth's Surface," J. Me-
te orol., Diecembher 195-4 -

4. Mitchell, R., "The l31ctermiination of INon-Kallistic Projectile Trajectories," March

5. Webb, W, L. and A. IMTc,1~ "Sow:.: Rang-ing Techniique for Determining the Tra-
jctiorY of S.crsow Mni Iissiles, =1, March 195.5.

6. Mitchell, R., and W. L Webb, *'i-,cttronignetic Radiation through the Atmo-
sphecre. -- I. Aptl 197))

7. Webb, WV. L., A. McPil,,. and 11. Tlhiopson. "Sound Ranging Technique for Deter-
mining the 1'raijvto (iVf Suipersonic Missiles,'' =2, July 1955.

8. Barichivich, A.. "Mter' 1i'a flects w'i the Refracltie Index and Curvature of
Microwilves ifl I u At tto.splere,. Auguist 1955.

9. Webb, W. L., A. Mc Pike ind It, Tlnwnps.on, "Souind mingitig Trechnique for Deter-
mninrg, I hf 1 racti or', of sno ,emsonic Missiles,'' =3, September 1955.

10. Mitchell, R., ".Noies on (he Theory of Lon-ii-.2inal W~ave Motion in the Atmo-
sphere,' lFehrumar\ 1956.

11. Webb, W. L.. "Part ku late ( ' ent t4 in Natural Clouds,'' J. Mfet'orol., April 1956.
12. Webb, WV. L. - "in( El fec t on It' e robee," = 1, Max' 1956.
13. Rnv'hele, If., and L. "nh o.'Wind Effect on the'Aerobee," -2, August 1956.
4 Beyers, N., ''Fled romagiw'fic 16adi:'Iion through the Atmosphere,'' =2, January 1957.

15. 1Hansen. F. V., "Wind Efft"'t on t h.' Aerohee." :;3. .Januar\v 19.57.
16. Kershner, JI.. and If. Rear, "XXin K1( ffi-ct on the Aerobee," =4. January 1957.
17, 11 ndale, (G., '1E lect r mnogle ic P ;oi' ation through t he A tinosphere," =3, February

1957.
18. Quer-feld, C. W.. "T1he Index of Refrac'tion of the Atmosphere for -2.2 Micron Radi-

alto"I' Mar-h 1957.
19. White. Lloyd. ''Wimi Effect on the Aerobee- =5, March 1957
20. TKershnei , ,J. (.., 'fvel iI'pzient of i Method for Forecasting Component Ballistic

Wind." Aui-w4 1957.
21. Lay 'ton. I van, ''Atw,)' tht'tit' Particle - ue Distriibut ion,'' Decembher 1957.
22. Rachicle, IlenrN. ai, W. If. I Iah-hl, "Wind Effect on the Aerohee," =6 , February

1958.
23. B~eyers, N. J., "Electromagnretic Radiation throuigh the Atmosphere.' "4, March

1958.
?'I. Prosser, Shirley J., "Elect rotnmatnet W~ Radiat ion I brotig it- b Atmrosphere." : 5,

Ap'ril 195$8.
25. A rm('n(ariz, M. a.'nd P". 11. Ta I.1 tlin blt'' om ltd it e Ha lust h' Wind Compu tat ions,'

J tine 1958.
26. JIenkins, K. U. and W,. 1. N\ 16. '1o Wid :s~orei. Jn 19"V.

2$. Iloiduilt'. (,. E1'tomiii' 'rp:z th ronll the Atmiosjlbere." =6, Febru-

29. Mt'l..rdic', M.., IN' I kcY atil 1-. "IL:' .o','I.w- Ltvt'l W\indl Profile Predict ion Tech-

30. Lar'imerlh. Ro\. % titou'1-. \ 0t>ttt Nik-ile =ag. 1. N-lay 199.
31. evei-s. N. J.. Bl I11114 .1114 4' 1 lilab'. l'it rtniaignt ic lPropial.~aio through the

Atn.i'It o .. hinc. 1 959.
32. Bevt'rs. N. ,J., IvL ir Uvfrit i-ii ;i, I,) F vl''xat ion Angles (I')."' Ptroceedling- of the

Arm\ St tent '(c it C kcmt-, htit 1959.
3:1. White.. L.. .XIhicl midI 1'. If. 'lft. ''Sumnmmuiar of 13.1111,1 it and Mvk'&'trolog-ical

Suipport IDurtng l( Y I );mrat tilts at Foit ('lirthill, Canmiada,' Auguist

341. Ilainline, 1). A., '' G~w(rl-Acroxi l>Iuiation Analxsis for' Commthr Appl)ication,"

:1 5. floidale. G. B.. "'SJ"ix \',lcv% Wi at W\SM IR.' Oc-tober 19Y9.
36. Webb, WX. L, and K U. .ici'Ot, ''Ih lhI Altitude W~indl Ma'uiure'ments.'' .1 1M'-tror-Il 6 ",0(~e 99



37. White, Lloyd. "Wind Effeet on the Aerohee," :.9. ( )tobvr 19D9.
38. Webh, W. L., 3J. W. Coffnmn, ani G . 0. (larh, "'A lili ~I A! iide Acou:'t o Sensing

System," December 1959.
39. Webb, W. L., and K. 11. .Jenkinm, "Application oif Meteinological Itocket Systems,"

J. Geophys. Res., 64. 11, November 1959.
40. Duncan, Louis, "Wind Effect on the Aerlhee.''= 10, h'f~I 960.
41. Helvey, R. A., ''Low- Ievet Wind [)j f Iv 1:(liaaTeh q~~ ~ 2, Fchruiarv I960.
42. Webb, W. L., and K. It. ,Jenkin.,, ,ekckt Som~iing (if II ith-Al ii uric IParamewters,"

Proc. (If /64l. SY'p., Dept. (if I~en:;t, I'vhiarv 1960.
43. Armendariz, M., and It. If. Monahan "A ( ipa ci~in lleween the IDoilhle T1heodIo-

lite And .oglv~lheril1I., 'kin.! Mlt .-aimngS en April 1960.
44. Jenkins, K. H., and 1). I1. Taft, " Wcat her Flvment.,,i iTin is Si sin.'' .Iuv 1960.
45. Beyers, N. J.. 'Pre!irnin;r\ R0ar Ph'ifhrmii D ata onI I'as.sit(' IP ilet -I~li' Wind

Senisor.''. MEl P'EANI,, NIIL, Li'T. NI I. !, 223, .- pi-JI 1960.
46. Webb, W. L., and K. R. ,Tvnkinis. - pet'd of Sioo in I he Stratosphere.'' Jurn' 1 9C0.
47. Webb, W. L., K. R. .Jenkim-,, and C.Q. clalrk. "IVoerset Sounding of High Atmo-

sphere Meteorological Paranieters,'' 1HE TIrans. Mi!. Elect., MIT.- t 2-1.
April--lidy 1960.

48. Helvey, R. A., "Low-I evel Wind Prtifi le Prfedi-tion Tvhmqunques. : 3, September
1960.

49. Beyers, N. 1.. and 0. W. Tlhiele, * %etcoronlo,_ic:d I Wind Si'. <Atigit 1960.
50, Armijo, Larry, "Deterw Ina tion of 'Urn ect aic:s 1'- ing R ang Duig.I a fr om Three N01ti-

52.Sprnge, ~ t"linear alaar Stations,"Septenllwr 1901). 2%F ofhe tii-

52 Spigr .S.. and R. 0. Olsen. 'Tfauntih N o ise Di~t rd at on of N ike- /el'. Ntis-

53. Thiele, 0. W., "'DemuSitv and Pre,..sur&' Pr ifili> I )en' from %l Net erolno-al Poc'kt
Meastiremn ts.' Sc! deynlicr 1961.

54. Diamond. N1. and A. R. (G mv, -A(tua' 0! I Si inu Pmiging." November
1961.

55. T.amberth, It. L. and 1). R. Veit h . Variatuilit y oif So rt:i-e W ind in Sholrt D ist-ices'"
=1, (&toler 1961.

56. Swanson. R. N.. I uw-I..vel Wind Mleasureincit, It oi I-t.ic Nli .Ile App lication."
*Janiiarv 1962.

57. Lamberth, H{. L. and .1. 11. Craee, "Gustiness at WVhlto %ii 11 \lsile I{nge," :42,

58. Swanson, R. N. an(1 M. M. I Ioidale, "I ow-Le.vel W~ind Prof ile Predilction Te'ch-
niques," : 4, .January 1962.

59. Rachele, Ilenry. "Suirface NO in( Mile! fo r 1' -,ti led I It I' tg'- pvrrun and
Cross Sptetrum 'l'ehuvs.'' i tnalv 190;

60. Rachele, H-enry, "'Sound Propig. ion thr, t:-:li a Windy AtnIiivr, er. 2. Fvhri-
arv 1962.

61. Webb, XW. L.. and K. P. Avrkim , : irirs ii ru'nn 'f the. MI u'phere," .1 .1' uu,
'o. A mr. 21' i I. u re I! 91

62. Tourin, NI. If. and M. .\. bil dc. T.c~i ~rluili Ch-vr it,'ri.i t Whiteq

Niniu'h I 962
64. F1isher, E.>. It. I.,ot, andl I I P , litit . \IuToir,l'2o';i lFe't.. , n an AcmI~i-v ),:iv

with'i ai "'k.und lb -it' rI:% \-' ay 19w"
65. W alter. E. I_. *sI\ \'.raile C 1' ,i t2'i- ft- o r i 1\, . 1 c ' lint' 1!,62
66. Wehh. XW. L.. "'l etaiiltd .-Xoo-t . . tnuutiie Aki,.e thOif o~n.. 11''/'d.f"'

67. Jenkins, K. It.. "Empirical ('onip.,r-ons tif Mctcr~oolca i..IIII't \'kiof >no.1-

68. Lnimberth, ItoY. -"Wid \';iialiillt1 IFt iivdv, :, ;1 li ini 'o kf ioin II!r
.1 LiI 196?

69. Ralthele. linrv.' -4iirf~i. e \ o 'ij I . I'ii'ik flit l'r lie!co E-1t lint itf Pri

72. Nita CelT. illrd Qc 1~r 116. usl'I ~~i . iiu.' ~i.Aigit1



73. Bevers,. N. .J., 01. WV. Thiele. and N. K. Wagnrr "Performance Characteristics of
Metcorlogical Rocket kk'ind and1 TempeCratur~e Sensors," October 1962.

74. Coffman, J., and R. Price, "-"me Errors Associated with Acoustical Wind Measure-
ments through a Layer," October 1962.

75. Armendariz. M., E. Fisher, and J. Semna, "Wind Shear in the Jet Stream at WS-
MR," November 1962.

76. Armendariz, M.. F. Hansen, and S. Carnes, "Wind Variability and its Effect on Roc-
ket Impact Predict ion," 'January 1963.

77. Querfeld, C., and Wayne Y'inkcr. "Pure Rotational Spectrum of Water Vapor, 1:
Table of Line Parameters," February 1963.

78. Webb, W. L., "Acoustic Component of Turbulence," J. Applied Meteorol., 2, 2,
April 1963.

79. Beyers, N. and L,. Engberg, "Seasonal Variability in the Upper Atmosphere," May
1963.

80. Williamson, L. E., "Atmospheric Acous tic Structure of the Sub-polar Fall," May 1963.
81. Lamberth, Roy and D). Veith, "U~pper Wind Correlations in Southwestern United

States," June 1963.
82. Sandlin, E., "An analysis of Wind Shear Differences as Measured by AN 'FPS-16

Radar and AN GMD-IB Rawinsonde," August 1963.
83. Diamond, M. and R. P. Lee, "Stat istical Data on Atmospheric Design Properties

Above 30 kin," August, 1963.
84. Thiele, 0. WV., "Mesoqpheyic Density Variability Based on Recent Meteorological

Rocket Measurements,' J1. Applied Meteorol., 2, 5, October 1963.
85. Diamond, M., and 0. Essenrwanger, 'Statistical Data on Atmospheric Design Prop-

erties to :30 kmn," Astro. Aero. Engr., December 1963.
86. Hansen, F. V., "Turbulence Characteristics of the First 62 Meters of the Atmo-

sphere," December 1963.
87. Morris, J. E., and B. T. Miers, "C Circulation Disturbanceg Between 25 and '70 kilo-

meters Associated with the Sudden Warming of 1963." J. of Geoph~s.
Res., January 19641.

88. Thiele, 0. WV., "Some Obsen-ed S 'hort Term and Diurnal Variations of Stratospher-
ic Densit V Above 30 ktn," ,January 1 961.

89. Sandlin, R. E.. ,Jr. and E. Arijoit, "An Analvss of AN FPS- 16 Radar and AN
GMD- I B Rawinsonde Data Differences," ,lantiarv 196..

90. Miers, B. T1., antI N. J. Beyers. "Rot'ketsonde Wind and Tt'rnperat tire Mleasure-
ments Between 320 and 70 knm for Selected Stationis." J. Apph,'d MIete.
orol., February 1964.

91. Webb. WV. L_ ''The Dynamic Stratospbere." Astrorna uis anid .- rospace Erz.irwer-'r
I ng. March 196.4.

92. Low, R. I). If., ''Acoust vc Mcasuirvnmntz of Wirnd through ai 1.iver," March 1961,
93. Diamond. M., "Cros Wind Effect in ol, r g ti n. 1. p/ XrIi

April 1964.
9 1. liv. It. P.. "Acouast ic IRa' Tracing,' April 1!)(;;I
95. Reynolds, R. D.'' 0w nctKtinoF rh ffect of Lalpse Rate on Hailloon A'weiit :te.

Max' 19614.
9 i3. Web~b, WV. L.. 'Scale of Stratosphuric 1)etail St ructuLre.'' Space Research 1'. \Iav

19641.
97. Barber, T. L., -Pr )pisvd N -1s:i\ I afrird Method for Identification of At moer

ic NI inera Iji I)i1. . r' I961.
98. Thiele, 0. WV., 'Billisi i Procc'durv's for I nguilded Rocket S iu.ofNuclear lu\ irei-

nilts I').- r'e.le of the Arniv Science 'ornference. 'Jine 19(11
99. Horn, .J. 1).. and F. .1. '1racle. "'( )regrphic Effects onl Wind \'arahlit v.' .3JuvIx 1.1

100. Hloidale, G., C . Querfeld. 'T. H all. and 11. Nlireles " Spect ral 'lran~inis.tIvitv 1f the
Earth's Atmoesphere in the 2r50 to -S00 Wmae Nuiml4r Intervail.- ::.I.
Se'pteinhoer 1964.

101. Duncan. L. D_. P. E-nsev. and B. Engebn'z, "Athena Ikaunch Aflgle lDeteriniiiatiin,"
Septemilwr 1964.

102. Thiele, 0. %\., ''Feasihili t E\Ixereme'nt for Me'atmirig At mospheric' I )tsf% T lhr eci-h
the Alt ituode Range of (11) to 100) KM Oi ve'r White Sands Nfis !Iv
October 1 964.

10)3. Duncan. L. D.. and R. -ne~ S1\ Dtgree-of- Frevelom D igit al SI;..ulat im e\11odel f-ir
Vi guided. Fin-stabilized Rtockets-.'' Nov ember 1961 .



104. Hoidale, G., C. Querfeld, T. Hall, and R. Mirelr's, "Spectral Transmissivity of the
Earth's Atmosphere in the 250 to 500 Wave Number Interval," #2,
November 1964.

105. Webb, W. L., "Stratospheric Solar Response," J. Atmos. Sci., November 1964.
106. McCoy, J. and G. Clark. "Rocketsonde Measurement of Stratospheric Temperature,"

December 1964.
107. Farone, W. A., "Electromagnetic Scattering from Radially Inhomogeneous Spheres

as Applied to the Problem (if (Clear Atmosphere Radar Echoes," Decem-
ber 1964.

108. Farone, W. A., "The Effect of the Solid Angle of Illumination or Observation on the
Color Spectra of 'White Light' Scattered by Cylinders," January IU65.

109. Williamson, L. E., "Seasonal andi Hie,,ional Characteristics of Acoustic Atmospheres,"
J. Geophvs. Re's., ,January 196,5.

110. Armendariz, M., "Ballistic Wind Variability at Green River, Utah." January 1965.
111. Low, R. D. H., "Sound Speed Variahdi1ty Djue to Atmospheric Composition," Janu-

arv 1965.
112. Querfeld, C. W., 'Mie Atmospheric Opt Ys," J. Opt. Soc. Amer., January 1965.
113. Coffman, J., "A Measurement of the Effect of Atmospheric Turbulence on the Co-

herent Properties of a Sound Wave," January 1965.
114. Rachele, H., and D. Veith, "Surface Wind Sampling for Unguided Rocket Impact

Prediction." Januarv 1965.
115. Ballard, 11., and M. Izquierdo, "Reduction of Microphone Wind Noise by the Gen-

eration of a P'roper Turbulent Flow," February 1965.
116. Mireles, R., "An Algorithm for Computing Half Widths of Overlapping Lines on Ex-

perimental Spectra." February 1965.
117. Richart, HT., "Inaccuracies of the Single-Theodolite Wind Measuring System in Bal-

listic Application," February 1965.
18. D'Arcy, M., "Theoretical and Practical Study of Aerobee-150 Ballistics," March

1965.
19. McCoy, J., "Improved Method for the Reduction of Rocketsonde Temperature Da-

ta," March 1065.
120. Mireles, R., "Uniqueness Theorem in Inverse Electromagnetic Cylindrical Scatter-

ing." April 19f'.
121. Coffman, J., "The Focusing of Sound Propagating Vertically in a Horizontally Stra-

tified Medium," April 1965.
12. Farone, W. A., and] C. Querfeld. "Electromagnetic Scattering from an Infinite Cir-

cular Cylinder at Oblique Incidence," April 1965.
13. Rachele, H., "Sound Propagation th otigh a Windy Atmosphere," April 1965.

124. Miers, B., "Upper Stratosphteric (Circulation over Ascension Island." April 1965.
125. Rider, L., and M. Armendariz. " A (Comparison of Pibal and Toiwer Wind Measure-

127 Beers N.J.,an B.T, ler. "iuralTempeniture Change in the Atmosphere
Betwen 0 ad 6 ki ovr WiteSandsMislRagJ.Am.

12;. Fmin, W A. (lnealiatin o Raleih-GnsScattiring from Radially Inhomo-
geneus phers.".1 Ot. (;,, Arer-une 1965.

130.Diamnd.M., "Note on NMescsphieric W~indl Above White Sandis Missile Range," J.
13, I:'^-, Q., and, J.C. Mc('ov. "Measuremcrnt of Stratospheric Temperature," J.

Appie'd M*'trrirol. .June 195.

13.Hall, T., G. foidale, R. Mireles, ahnd C. Querfeld. "Spectral Transmk..sivity of the
Earth's Atmosphere in the 250 to .5W0 Wave Number Interval," #3.
,July 196-5.

133. McCoy, 'J., and C Tate, 'The Delta-T Muteorological Rocket Pavloa' ," .June 1964.
134. Horn, J. D.. "Obstacle Influence in a Wind Tunnel." ,Julv 1965.
135. McCoy, J., "An AC Probe for the' IN'asurement of Electron Dens..ty 3nd Collixion

Freqtuenc;, in the boAwer Ionosphere," ,Julv 95
136. Miers, B3. T.. M. D. Kayq, 0. Wt. Thiele And F. M. Newby, "Investigation of Short

Term Variations of Several Atmospheric Parameters Above 10 KM."
July 1965



137. Serna, J., "An Acoustic Ray Tracing Method for Digital Computation," September
1965.

138. Webb, W. L., "Morphology of Noctilucent Clouds," J. Geop/zys. Res., 70, 18, 4463-
4475, September 1965.

139. Kays, M., and R. A. Craig, "On the Order of Magnitude of Large-Scale Vertical Mo-
tions in the Upper Stratosphere," J. Geophys. Res., 70, 18, 4453-4462,
September 1965.

!40. Rider, L., "Low-Level Jet at White 'Sands Missile Range," September 1965.
141. Lamberth, R. L., R. Reynolds. and Morton Wurtele. "The Mountain Lee W~ave at

White Sands Missile Range." Bull. Amer. Met eorol. Soc., 46, 10, Octo-
ber 1965.

142. Reynolds, R. and R. L. Lamberth, "Ambient Temperature Measurements from Ra-
diosondes Flown on ('onstant-Level1 Balloorns," October 1965.

143. McCluney, E., "Thjeoretical Trajectory Performance of the Five-Jnch Gun Probe
Svstemn," October 1965.

144. Pena, R. and M. Diamond, "Atmospheric Sound Propagation near the Earth's Sur-
face," October 1965.

145. Mason, J. B., "A Study of the Feasibility of I T igRdrChfFoStaspec
Temperature Measuremients," November 1965.

146. Diamond. M., and R, P. Lee, "Long-Ranige Atmospheric Sound Propagation," J.
Geoph -vs. Res., 70, 22. Novembewr 1965.

1417. Lamberth, R. L., "On the Measuremnent of D)ust Devil Parameters," November 1965.
148, Hansen, F. V., and P. S. Hansen. "Formation of an Internal Boundary over Heter-

ogeneous Terrain." November 1965.
149. Webb, W. L., "Mechanics of Stratospheric Seasonal Reversl, November 1965.
150. IT. S. Army Electronics R & D Activity, '11. S. Army Participation in the Meteoro-

logical Rocket Network." Januarv 1966.
151. Rider, L. J., and N1. Arniendariz. "_4)w-Level ,Jet Winds at Green River, Utah," Feb-

ruars' 1966.
152. Webb, W. L., "Djiurnal Variations in the Stratospheric Circulation," February 1966.
153. Beyers, N. J., B. T. Mir.and it. .J. Reed, "Diurnal Tidal Motions near the Strato-

pause During 48 Hfours at WSMH." February 1966.
154. Webb, W. L.. "The S tratospheric Tidal Jet." February 1966;.
155. Hall. J. T.. "Focal Properties of a Plane Grating in a Convergtnt Beam," February

1966.
156. Duncan, L. D., and HlenryN Rachele. "Re.al-Time Meteorological System for Firing of

Unguided 1focket,." Fehruary !966.
J 157. Kays. M. D., "A Not-- on the Comparison of R'w~ket and Estirated Geostrophic Winds

at the 19-0i, Level." 41. A-pp!. Mf,'t.'ur.. Febnjarv 1966,
158. Rider, L., and M. :Armendaniz. " A ('omparison of Pibal and Tower Wind Measure-

ment,.." J. Appi. Metefor_ 5. February 1966.
159. Duncan, L. D., "Coordtinate Transformations In '1 i,.je(,t4irs Simul1ations." Febiruary

1966-
160. Williamson. L. E., "Guin-LiuiicheJ, Vertical Probes at Whit*. Sands Missile Range."

Februar" 1966.
161. Randhawa. 'J. S., Ozone Mt'a-ur.':nonts with Rooket-B3orne Ozonesonde't." March

1966.
16)'. Arine.ndlariz. Manuel. aind 1,itirii, .) Ride'r. ''Wind Shc'.-r fo r Small 'Fickne-,- Lay-

163.Low.R. D er,." March 166~
163). owR. ) I., "'ont iniow DI'~t4-1inntion of the Av'erage ;,)undi Velocity over an

Arbitrary Path.-' M-irch 1 966.
164. Hansen. FrankV.'Rmhru Numbher Tables f,'r the Surface Boundary Layer."

March 1966 '165. Cochrai V. C.. E. M. 1)Arcv and FIorencio flair, "Digital Co' ..Duter Program
for Fie c'reoilrti'mFaJectorv.'' Marc-h 1 966.

166. 'Miele, 0. W., and N. J1. Be 'vers. "C:onpa1.ri~on of 11ocketsondle and Radosonde Temp-
erat res nd \rihicar an of ('omputed Rlocket,, nde Pres-ur aitd Den-

sity." April 1 9I6
167. Thiele. 0. W., ''Ob' 'rvcd D iiirnil O.ilHn'of Prt-s'.ure and Density in thu (Upper

it atapl'n- .inI 1.4mv ,. \f,,p'flre.'' April 1966.
168. Rays. M. D., and It. A 0.g ' On tbh' I)rtk'r of Magnflotde of L'irge-S cale V'ertical

Mio bns in the I'piwr Srt iph''''I("p .'..April 1%66.
169. llan.t'n, F. V.. ''The Ri. lar,,m~i N'omlper In the Planetary B4oundar' Laver," May

1966.



1700. Ballard, H. N., "The Measurement of Temperature in the Stratosphere and Meso-
sphere," une 96

171. Hansen, Frank V., "The Ratio of the Exchange Coefficients for Heat and Momentum
in a Homogeneous, Theirnally Stratified Atmosphere," ,June 19663,

172. Hansen, Frank V., "Comparison of Nine Profile Models for the Diahatic Boundary
Layer." .June 1966.

173. Rachele, Henry. "A Sound-Ranging Technique for Locating Supersonic Missiles,"
May 1966.

1714. Farone, WV. A., and C. XW. Querfeld. "Elect romagnet ic Scattering from Inhomogeneous
Infinite Cylinders at Oblique Incidence," J. Opt. So(. Amer. 56, 4, 476-
480, April 1966.

175. Mfireles, Ramon, "Deteriat Ion of Parameters in Absorption Spectra by Numerical
Minimization Techniques.' 4. Opt. Soe. Amer. 56, 5, 644-647;, May 1966.

176. Reynolds. R., and R. L. Lamberth. 'Amnbient Temperature Measurements from Ra-
(lio~crides Flown on Constant-Level Balloons," J. App!. Mfeteorol., 5, 3,
304-,")7, June 1966.

177. Hall, James T., 'Focal Properties of a Plane Grating in a Convergent Beam," Appl.
Opt.. 5, 10,51, June 1966

178. Rider, Laurence J., "Low-I.eve1 .Jet at White Sands Missile Ran,-,," J. Appl. Mete-I orol., 5, 31, 28.3-287, .June 1966.
179. McCluney, Eugene. "Projectile Dispersion as Caused by Barrel Displacement in the

5-Inch Gun Probe S ,tem." .July' 1966.
180. Armendariz, Manuel. and Laurence ,J. Rider. "Wind S;hear Calculations for SmallI Shear Lavers." June 1966.
181. Lamberth, Rov L., and Manuel Armendariz, "Upper Wind Correlations in the Cen-

tral Rocky Mf .intains,. June id66-
182. Hansen, Frank V., and Virgil D. Lang. "The Wind Regime in the First 62 Mveters of

the Atmosphere," June 1966.
183. Randhawa, Jagir S., "Rcket-Borne Ozonesonde," July 1966.
184. Rachele. Henrv', and L. D. Dunc'an. "The De,,irab1'.tv of Using a Fast Sampling Rate

for Computing Wir I elocit-, from 1 i lot 'Balloo-n Data.'' J ulv 1966.
185. Hinds. B. D., and R. G. Rhmpa. "A Comparison of Three Methods for the Cor-

rec'tion (of R:, ar Elevation A\ngie Retraction Errors.'' Augusl 1966.
186. Riedmuhler, G. F., and T. L. Barber. "A Mineral Transition in Atmospheric Dust

Tranipx-rt." A"-cist 1966
187. Hall. J. T., C. WX. Querfeld. and G. 11. Ifoidale. ''Sivt trl Transmi.sivitv of the

Earth's Atmosphere in the 250 to '500 Wave Number Interval,' Part
IV (Final), July 1966.

q 8. Duncan. L. D. ani K. F. Engetks., ''Techlniques for ('nuigLucc e ings
for Unguidled Rockets.'' 4-pteinter 1966.

189. Duncan, L. D_ ''Basic, C onx iterations In the ID't''lopn11llt of an1 1 ngUided Rocket
Trjec'torv Simulation NI ,.'Septemh*'r 1966.

190. Miller. XXaltei B., "C onsideration of S'mie Problems in Curve Fitting." September
1966.

191. Cerniak, J. E.. nd TJ D Horn. "The Tower Shadow Effect."- A'igust i966_
192. Webb. W. t,. ".Stratosphtrnc ('irculation Response to a S4olar Ecl'ixse." October 1966.

11.KennedIN'. Bruce. "Muzzle \'el-tc tv Mveasuremnent." October 1966,
19-4. Traylor, Larrv E.. "A Refinement Technique for Unguided Ro'ket Drag Coeffic-

ients.'' October 146f;
195. Nushaum. Heiirv. "A Reav.ent for the Simultaineous Microsc-le I'Nterrnination oif

Quartz alnd l alides.'' Oclw~r 1966.
196. Kavs. Manvin andi 1? 0. 01-e'n. "lr.proved Rocketsonde Parachute-derived Wind

Profiles"' (h'lober 1966.
197. Engehos. Bernard F. and D~uncan, Louis D."A Nongram for Field Determina-

in of Launcher Angles for 1'ng.uided Rockets." October !966.
198. Webb. WA. L.. "Midilauitude ('lands in the Upper Atmo.'.pherv," Nowenber 1966,
199. Hansen, Fran V.. "The Lateral Inoensity of Turbulenc'e as a Function of Stahihtvy,"

N ember 19466.
200. Rider, L. J. and M. Anrmendariz. "Differences of Towt - and P04al Windi Profiles."

201. Lee. Robert P.. "A C'omparison of Fight Mathematica Models for Atmosperi
Acoustical Ray Tra~ rg." November19.

202. Low. R. D. H.. et a] , "Acoustical and Meteoro!:gical Data Reixrt SOTRAN I and
UI." Novemtwr 1966.



203. Hunt, J. A. and J. D. Horn, "Drag :,ite Balance," December 1966.
204. Armendariz, M., and H. Rachele, "Determination of a Representative Wind Profile

from Balloon Datai," December 1966.
205. Hansen, Frank V., "The Aerodynamic Roughness of the Complex Terrain of White

Sands Missile Range," Ja-iuary 1967.
206. Morris, James E., "Wind Measurements in the Subpolar Mesopause Region," Jan-

uary 1967.
207. Hall, James T., "Attenuation of Millimeter Wavelength Radiation by Gaseous

Water," January 1967.
208. Thiele, 0. W., and N. J. R--"rs, "Upper Atmosphere Pressure Measurements With

Thermal Conductivity Gauges," January 1967.
209. Armendariz, M., and h. Rachele, ''Determination of a Representative Wind Profile

from Ballon Data," January 1967.
210. Hansen, F. V., "The Aerodynamic Roughness of the Complex Terrain of White Sands

Missile Range, New Mexico," January 1967.
211. D'Arcy, Edward M., "Some Applications of Wind to Unguided Rocket Impact Pre-

diction," March 1967.
212. Kennedy, Bruce, "Operation Manual for Stratosphere Tt"-nerature Sonde," March

1967.
213. Hoidale, G. B., S. M. Smith. A. J. Blanco, and T. L. Barber, "A Study of Atmosphe-

ric Dust," March 1967.
214. Longyear, J. Q., "An Algorithm for Obtaining Solutions to Laplace's Titad Equa-

tions," March 1967.
215. Rider, L. J., "A Comparison of Pibal with Raob and Rawin Wind Measu,-ements,"

April 1967.
216. Breeland, A. H., .nd R. S. Bonner, "Results of Test,~ ,. . )Ilng Hemispherical Wind

Screens in the Reduction of Wind Noi'Api197
2170. Webb, Willis L., and Max C. Bolen, "The D-region Fair-We*ather Electric Field,"

April 1967.
218. Kubinski, Stanlev F., "A Comparative Evaluation of the Automatic Trucking P~iot-

Balloon Wind Measuring 'System." April 1%67.
219. Miller, Walter B., and Henry Rachele. "On Nonparametric Testing of the iNature of

Certain Time Seis"April 1967.
220. Hansen. Frank V.. "Spacial and Temporal Distribution of the Gradient Richardson

Number in the Surface and Planetary Layer,"- May '17
221. RandhawA. Jagir S.. "Diurnial Variation of Ozonie at High Altitudes." May 1967.
222. Ballard, Harold N.. 'A Review of Sevn Papers Conccrning the Measurement of

Temperature in the Stratosphere and Mlesuosphere." May 1967.
223. Williams, Ben H.. "Synoptic Analy."' of the Upper Stratospheric Circulation Dur-

ing the lAte WInte~r"Storm Period of 1966'- May 1967.
224 Horn, J. D., and J. A. Hunt, '-Sv stem Design for the Atmospheric Sciences Office

Wind Rezearch Fricility." May 1967.
225. Miller, Walter B.. and Henry Rahele. "*Dynamic Evaluation of Radar and Photo

Tracking Systems, " May 1967.
2126. Bonner, Robert S., and Ralph H. Rohwer. "Acoustical and Meteorological Data& Re-

po-rt - SOTRAN 11I and WV." May 1967,
227. Rider, L. J., "On Time Vaniability (if Wind at WAhiwe Sands M..Range. New Mt.,-

i co." June 1967.
228. Randhawa. Jagir S.. -Mefkmpherc Ozone Meaisurernents DL~ig A -Solar Eclipse."

June 1967.
22.Beyers. IN. J- and R. T. Miers. "A l'tdal Experiment in the, Equatorial Stratosphere

ove~r Ascnm!n Inland t.' S)'-, June t %-7
130. Miller. W. B.. and H. Rachele. "On the Behavior of Derivative Procrsse." June 1967
231. Walters, Randall K., "Numerical Integration Method.% for Ballistic Rocket Tralec-

tory Simulation Prxgramq.- June 1967.
232. Han.-ten. Frank V. "A Diahatic surface Wundarv l~aver Model." Jrv 1967.
233. Butler, Ralph L.. and James K ia'l. "Comparis'n of' Two Wind Measuring Sys-

temn with the C.'n'raven Photo-Theodolite." J.uly 1967.
234. Webb, Willis L, "The Sourve of Atmo,'.phenc Electnfincation."' June 1967.



235. If1ifl(1. 11. D.. 'T ada r Trackin ni mt- \ iiii vr a in A rid int crior Pasi v,- August 1967.
2:36. Chr'st an, Larrv (1,ORdir('oss, Si't 11on for Tfi'malIvI l et tn m, iees' Allu~

1967.
237. I)'Arcy, Edward M., 'i''ortica! lDipvr.,Ior Analysis of the Aerobee 1.'' Alli,1it

I 967 .
2:;" Anon.. '''1echini Dea Ita PackaceI for *hocke - Borne Te i'merat ore Sno.'Augus"t

2: 9. Gliass, Ito I., Rov L. .I,umhertlh 1>l ;m Ralph D7. Rev nolds, -iA Hligh Resolution C'on.I tjnuoiii Perv.I' rv od ification for Raijicaindes,' Augtust! 1967.
2 10). ILow, R~ichard 1). IV,. * Acoiu'tc NIcIii cnent of 'Supersaturation In , WVarm C loud"'I Au~wst1967.
241. Rublo, Roberto. and Hlarold' N. ii 01. ' rimeI I? soon~v and Aeroi voamif' I lent ing

of Atnls ifrclr r i s gElementIs,"' A ugust 16
242. Selgraves, M~ vAnn B., *'livor ia In Pe'rformance C'haracterit icsi .nd Wind Effe, ts

for the Aerohl):? 151i1.' A ugust 19,67.
24.Duncan, Louis D~ean. -C(h~mnl (' paci tv and C ding." Auguist 19671.I~ ~ 24 Dunawaw., G. L., -ind lMary Ann B. irve.Lnoher Settings Versus 'Jack Set

t ings for Acrobee 17510 LeIunulivrs - L:11nm (' omplex 17). White 'nanfk
Mi.ibol Range, New \l';c Al gli-t di

2415. Duflean, Louis D., and Pe'nn r'1 F. "aeo.'A Si e eo-Feeo L; w'm
puter Program for Tm~ cl ory Sirnuil)tiwi.-' I )ktober 1967.

2 4 6. Rider, Lan 1-rnCe ).. ,i M an Ntil :\ Arrentilariz. "A: Comparison of Si toIilt~ineos WV ind
Profiles Derived fri om r Smooth aind Roughenedl Sphere.' Sepfember
1967.

24 .7. Reynolds, Ralph D)., Re v L. Lambert h. and Morton (,. Wurtele. "Mountain W~ave
Thleoi'y vs Field Test Men a urenlintI,' Septdember I 96i'.

2 4 8 Lee. Robert P., ''Prohbi ist iN' odel for Acoust ic Sou nd Ran-in g'' October 1.967.
249. Williamson, L. E(!wIn, and Bruce Ken nedy, ''Meteorological Shell for Stana rdn Art i-

lery Pie-ies - A Feas Ibilit v Study,"' October 1967.
250. Roh%%cr, Ralph H., -Acoustical, Met corolk,-cI I and Seismic Data Repiort -S()TRAN

V and %T-. Oct ober 19,67.
251. Nordquist. WValter S., -Jr., "A StudY in Acoustic Direction Find'to" November 1967.
252. Nordqui.. , Walter S., Jr., ''A Study of Acoustic Monitoring of the (!tn Probe SYs-

tern." November 1967.
25.Avara .&P. anid 1B. T . Miers. "A Dat Reduction Technique for Meteorological

Wji nl (I Data above 3t0 K i mt'ter ,'' IDecember 1967.
254. Hansen, Frank V, ''Predicting- Di ffusion ofi At mospheric Cant aminrint:; by (onsidera-

tion oif TFurbulent (Cha racterist ics of W\SMIC.' -Jan ua rv VAN6.
255 Ra n dha wa, .J:tgr S , ''Rocket Measurements of Atmnosliher{ ( hone.'' Januar\' 1968.
2,56. D'Arcv, Ed:wardi M., "Meteorological Requirement,. for the Aerobvie-;I5it.' fanuarN

1968.
25 7. D'Arcy, Edward M., "A Computer S-tud]\ of the Wind Frequencly Response of V n-

guided Rocket s,'' Februa iv 1968,
-2- 8. Williamson. I.. 'lw in. "G(un La unchedl Probes - Pa rau imte l"Lu sion Tests I nier

Simulated FEnvironment," February 1968.
250. fievers, Norman )., Bruce T. iers. and Elt'on P1. Avara, ''The Diurnal Tide Near

the St rat ipause over White Sands Mkisile Ran gc. New Mlexico,'' lebrii-
ary 9v

260. 1Tra~'lor, Larry E., '"Prelimrinary StudYl of the Win( Fi requency Response of t he Honest
-John Ni.-Oat ical Rocket.'' March 1968.

261 . Engebos, 13. F.. and L. 1), IDunca a, ' Real-Time ( onputat ions of Nott Ra lb:in
Winds.- March 1968.

262. Botler, RalIph and L. 1). D~unca n. ''irnpi rica I Est inm us of Erroirs in Do ide-Thei -
dohite Wfld Measuremntis,' February ; 96;_i

2163. Kennedy, Bruce, el a;., '"Thin Film TeprtrMSno.' aIirch 1968,
)(A. Bruce, Dr. Rufus. 'Jamnes Maso n Dr. Kennet h White and Richard I. Goimc'. Ani

Istimate ot i'( Atmrospiheric Propagation ( hianucterist ics of 1 "ut ico
Laser F'nergy." March 1968.



265. Ballard, Harold N.. Jagir S. Randhawa, and Willis L. Webb, "Stratospheric Circula-
tion Response to a Solar Eclipse," March 1968.

266. Jchnson, James L., and Orville C. Kuberski, "Timing Controlled Pulse Generator,"
April 1968.

257. Blanco, Abel J., and Glenn B. Hoidale, "Infrared Absorption Spectra of Atmospheric
Dust." May 1968.

268. Jacobs, Willie N., "Automatic Pibal Tracking System," May 1968.
269. Morris, James E., and Marvin D. Kays, "Circulation in the Arctic Mesosphere in Sum-

mer," June 1968.
270. Mason, James B., "Detection of Atmorpheric Oxygen Using a Tuned Ruby Laser,"

June 1968.
271. Armendariz, Manuel, and Virgil D. Lang, "Wind Correlation and Vnriability in Time

and Space," July 1968.
272. Webb, Willis L., "Tropospheric Electrical Structure," July 1968.
273. Miers. Bruce T., and Elton P. Avara, "Analysis of High-Frequency Components of

AN FPS-16 Radar Data." August 1968.
274. Dunaway, Gordon L., "A Practical Field Wind Compensation Technique foz Unguid-

ed Rockets," August 1968.
275. Seagraves, Mary Ann B., and Barry Butler, "Performance Characteristics and Wind

Effects for the Aerobee 150 with VAM Booster," September 1968.
276. Low, Richard D. 1., "A Generalized Equation tar Droplet Growth Due to the Solu-

tion Effect," September 1968.
27 Jenkins, Kenneth R., "Meteorological Research, Development, Test, and Evaluation: Rockt.t,September 1968. .
278. Willhamrs, Ben H.. and Bruce T. Miers, "The Synoptic Events of the Stratospheric

Warming of December 1967 - January 1968," September 1968.
279. Tate, C. L., and Bruce W. Kennedy, "Technical Data Package for Atmospheric

Temperature Sensor Mini-Loki," September 1968.
280. Rider, Laurence J., Manuel Armenmariz, and Frank V. Hansen, "A Study of Wind

and Temperature Variability at White Sands Missile Range, New Mexi-
co," September 1968.

281. Duncan, Louis D., and Walter B. Miller, "The Hull of a Channel," September 1966.
282. Hansen, Frank V., and Gary A. Ethridge. "Diffusion Nomograms and Tables for

Rocket Propellants and Combustion By-Products," January 1968.
283. Walters, Randall K.. and Bernard F Engebos, "An Improved Method of Error Con-

trol for Runge-Kutta Numerical Integration," October 1968.
284. Miller, Walter B., "A Non-Entropy Approach to Some Topics in Channel Theory,"

November 1968.
285. Armendarit, Manue' Laurence J. Rider, and Frank V. Hansen, "Turbulent Charac-

teriskics in the Suriace Boundary Layer," November 1968.

!!4



UNCLASSIFIED

DOC4ENT cowi'i& DATA- R & D
r l %Wiry el.Ilfcait... of r1fle, bwO of ob"twt a", ~hWWMJ~ .etel p ., be ft95." wpm. Ne fee.t-11 S ~sMtoa

I O~iO.N99TINIA ACTIVITY (Ceip..4 avow) le REPORlT SECUAITY CLASSIFICATION
U. S. ARMY ELECTRONICS COMMAND ,, -
FORT VOW)UTH, NEW JERSEY Sb,

. REPORT T-TL.9

TURBULENT CHMAACTERISTICS IN THE SURFACE BOUNDARY LAYER

4. DESCRIPTIVE NOT S (nae of .wpwt id fwih ve deoe)

S Au~~~ 0RrS(P ' 01Iew olS Sc U81

anuel Armendariz
Laurence J. Rider
Frank V. Hansen

i IEPORT OATE ft* TOTAL NO. OF PES Tb. N . OW PEWFS

Novcmber 1968 9 6
& CONTRACT OR SCANT NAO, S ORIGSNATORS EPORT "I.Aftaflt.S)

I ,. ,o,,,C ' o NOECOM-5225

- Task No. IT061102BS3A-17 O OTHt NIFFIORNT ISI (AJ , Wan MMM. m, be OW ,g,,N

F- 045?RU bUTtON STATEME[NT

Distribution of this report is unlimited.

SUPPALEMENTARV NOTES fti. SPONSORINO MIL1 ITARY ACTIV IVY

- Atmospheric Sciences Research Office
11. S. Army Electronics Command
WRhite Sands Missile Range, New Mexico

The turbulent characteristics of the first 62 meters of the atmosphere over
WiAte Stnds Missile Range, New Mexico, have been intensively studied using data
collcted from an instrnented tower. It is demonstrated that important turbulence
characteristics such a standard deviation of wind direction, longitudinal intensity
of turbulence, and the ratio of the lateral intensity of turbulence to longitudinal
int.asity of turbulence are dependent upon the height of the wind measureeri, -he
surface roughness, and the stability of the atmosphere. In particular, it is shown
that the latesral iraensity of turbulence is affected ore by stability changes than
by roughness or height of the measurment. The longitudinal intensity of turbulence,
however, is affected by roughness and height of measursent as well as by the sta-
bility of the atmosphere.
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